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Abstract— A dual-frequency GPS Ionospheric Scintillation and 
TEC Monitor (GISTM) receiver, GSV4004B, has been installed 
at Alert, Canada (82.48° N, 297.75° E, corresponding to 86.95° N, 
155.77° E geomagnetic coordinate) since May 2008 to study the 
ionospheric variability at a high-latitude location. This GISTM 
receiver is able to measure the Total Electron Content (TEC), 
and both the amplitude and phase scintillations. This study 
focuses on the phase scintillation observed over Alert for 26-
month period from June 2008 until July 2010 where it was mostly 
during the minimum state of solar activity. It is found that at 
least 93% of the phase scintillations, σφ of the observed data were 
in the range of 0-0.1 rad. The remaining 7% varied from 0.1 to 
0.7 rad, where it mostly never exceeded 0.2 rad. σφ < 0.15 is 
considered as insignificant. Phase scintillations were found to be 
increased with the increasing of solar activity where most of the 
cases of σφ > 0.15 rad were detected in 2010.  
Keywords- ionospheric propagation; phase scintillation; polar 
ionosphere 
I.  INTRODUCTION 
The ionosphere is an ionized region of the upper 
atmosphere produced by solar radiation and high-energy 
particles from the sun. The ionized electron concentrations 
change with the height above earth’s surface, geographic and 
geomagnetic location, diurnal and season variation, solar 
activity, solar disturbances and some other parameters. This 
will affect to some extent all radio signals which pass through 
or travel via it, including the high frequency (HF) sky-wave 
signals and transionospheric signals. The ionosphere can be 
categorized into three regions based on the latitude; which are 
low, mid and high. The low latitude region is within about 20° 
to 30° of the magnetic equator. The high latitude region 
extends poleward from about 60° geomagnetic, and the mid 
latitude is between these two regions. The high latitude 
ionosphere can be further sub-divided into two; which are the 
auroral region (approximately 60° to 70° magnetic) and the 
polar cap (from the auroral region poleward). The high latitude 
ionosphere is the most variable compared to the low and mid 
latitudes. 
The high latitude ionosphere behaves differently from the 
low and middle latitude ionospheres since the geomagnetic 
field at high latitudes runs nearly vertical (as opposed to the 
horizontal magnetic field at low latitudes near to the magnetic 
equator) and connecting this area to the outer part of the 
magnetosphere, which is controlled by the solar wind. 
The research work focuses on the study of high-latitude 
ionosphere variability. Our area of interest is at a polar cap 
station in Alert, Canada, located at 82.48° N, 297.75° E, 
corresponding to around 86.95° N, 155.77° E of the 
geomagnetic coordinate. Magnetic Local Time (MLT) 
midnight is ~2216 UT. Figure 1 shows the location of Alert 
superposed on the map illustrating the auroral oval location. 
The map is generated for 24 May 2008 at 1340 UT during the 
period of low geomagnetic activity. Alert is located far from 
the auroral oval and very near to the geomagnetic pole, making 
it an interesting place to study the ionospheric variability. 
 
 
Figure 1.  Auroral oval on 24 May 2008. Location of Alert is superposed on 
the map. (Source: http://sd-www.jhuapl.edu) 
II. PREVIOUS WORK 
Studies have been undertaken associated with the 
intermediate scale irregularities (tens of meters to tens of 
kilometers) in the ionosphere causing rapid fluctuations in the 
amplitude and phase of a radio signal. These fluctuations are 
known as scintillations. Irregularities smaller than about 1 km 
Proceeding of the 2013 IEEE International Conference on Space Science and Communication (IconSpace), 1-3 July 2013, Melaka, Malaysia
978-1-4673-5233-8/13/$31.00 ©2013 IEEE
produce both amplitude and phase scintillations, and 
irregularities larger than that produce phase scintillations only 
[1]. Phase scintillation can cause Doppler spread in the signal 
and may affect the phase lock of the signal within GPS 
receivers.  
Scintillation effects on transionospheric signals have been 
observed on frequencies ranging from 20 MHz to about 
10 GHz. Both amplitude and phase scintillation are strongest in 
the equatorial, auroral and polar cap regions. Energetic electron 
precipitation and current systems are the dominant factors in 
producing irregularities in the auroral and polar regions, where 
the scintillations are stronger in auroral zone [2]. High latitude 
scintillations have been widely studied using GPS receivers 
[3]. Phase scintillations in the polar cap are often associated 
with large-scale structures such as patches and arcs [4]. In 
general, the high latitude scintillations are associated with 
geomagnetic storms [5]. 
Study in [6] using GPS data also indicates a low level of 
phase scintillation at Thule, Greenland (76.537° N, 68.825° W) 
even during severe magnetic storms in January, April and 
May 1997. In terms of solar dependency, the scintillations are 
high in the period of high solar activity even when the 
geomagnetic activity is low. Recent work in [7] over the period 
of solar minimum (2007-2008) at two polar region stations at 
Ny-Ålesund, Svalbard (78.9°N, 11.9°E) and Larsemann Hill, 
East Antarctic (69.4°S, 76.4°E) concluded that phase 
scintillation and irregularities observed from GISTM receivers 
mainly takes place in October, November and December at Ny-
Ålesund, and in May and June at Larsemann Hill. This is in 
agreement with the finding in [8]. 
A study during the period from October to December 2003 
using four GISTM receivers at different mid to high latitude 
stations from 52.9° N to 78.9° N has been conducted in [4] 
where the percentage of occurrence for phase scintillation, 
σφ > 0.25 rad and S4 > 0.25 of 3-hour duration (in MLT) and 
2°-step of magnetic latitude for the whole period of 
observations were computed. The authors chose to use 
vertically projected scintillation values to account for the effect 
of varying geometric conditions when using different elevation 
angles. Using all data for all four stations, the polar area is 
found to be more sensitive to the phase scintillation (~2.8% of 
occurrences) than amplitude scintillation (~0.16 %).  
This is consistent with the finding in [7] using regular 
scintillation indices (i.e. non-vertically converted). The study 
conducted at Ny-Ålesund for a longer period and at solar 
minimum from August 2007 to July 2008 also demonstrated 
that phase scintillations were more significant than amplitude 
scintillation. This is also true at a southern polar region station 
at Larsemann Hills (March to November 2007). Significant 
phase scintillations were also observed to be more frequent in 
local winter months. 
The irregularities at Ny-Ålesund in March 2008 are studied 
in [9] and applied the similar method as in [4] but used a 
threshold of S4 > 0.25 and σφ > 0.2 rad. The percentage of 
occurrence is calculated for each day for every 2° magnetic 
latitude, MLat and 2-h MLT. Result indicated phase 
scintillations occurred more frequent (~7%) than amplitude 
scintillations (~0.25%) and S4 seems confined to well-defined 
regions due to the influences of small scale irregularities, while 
σφ is characterised by MLat and MLT. These finding are 
consistent with previous works at the same location conducted 
in [4] and [7]. Reference [4] and [9] agreed that both phase and 
phase scintillation occurrence at Ny-Ålesund increased during 
disturbed days compared with quiet days.   
Data from Canadian High Arctic Ionospheric Network 
(CHAIN) were used in [10] to study ionospheric variability 
over few high latitude locations including at a polar cap station 
at Resolute Bay (74.7° N, 265.1° E) using GPS data from 2008 
to 2009. It is found that amplitude scintillation was very low, 
but phase scintillation was still observed, consistent with 
findings in [4], [7] and [9] at Ny-Ålesund. Phase scintillation is 
low when the plasma density is expected to be low, particularly 
in winter before about 1200 UT. However, mean σφ is higher 
than average around local magnetic noon from April to 
November. 
III. DATA AND METHODOLOGY 
A dual-frequency (L1 frequency at 1575.42 MHz, and L2 
frequency at 1227.6 MHz) GPS Ionospheric Scintillation and 
TEC Monitor (GISTM) receiver, GSV4004B, has been 
installed at Alert, Canada since end of May 2008. This GISTM 
receiver is specifically configured to measure amplitude and 
phase scintillation from the L1 frequency, and TEC from the 
L1 and L2 frequencies. The GISTM receiver computes the 
TEC, and both amplitude and phase scintillations.  
The GISTM receiver collects phase measurements and then 
detrended with a 6th-order Butterworth high-pass filter with the 
cut-off frequency of 0.1 Hz. Next, the standard deviations, σφ 
of the phase over 1-second, 3-second, 10-second, 30-second 
and 60-second intervals are produced. All these standard 
deviation values are computed by the receiver. The 60-second 
σφ is normally used as the phase scintillation indicator, and 
hence will be used in this study.  
An offline program, Parseismr.exe is used to extract the 
data recorded by the GSV4004B receiver. The data can be 
converted into a text file and then called in Microsoft Excel to 
further editing. The phase scintillation data collected before the 
phase detrending filter has converged is eliminated by deleting 
the lock time data for L1 and L2 that is less than 240 seconds, 
where convergence is obviously has not yet happened. Other 
non-converging value that is the 60-second phase scintillation 
data that is very large is deleted to avoid confusion with 
legitimate scintillation events. All values greater than 2 radians 
are eliminated.  These are the processes involved in the 
unwanted data elimination [11]. 
Data from 1 June 2008 to 31 July 2010 are used for 
statistical analysis. Data are available each day during that 
period, except on 2 June 2008, from 31 August to 
19 September 2008, and from 30 November 2009 to 
7 February 2010. Data are collected every 60 seconds. This 
study covers a total period of time of 26 months where these 
were mostly within the period of the minimum state of solar 
activity. The daily sunspot number (SSN) mostly did not 
exceed 10 during 2008. This value slightly increased to ~30 at 
the end of 2009. In 2010, SSN reached up to ~48. In addition, 
this solar cycle reached the lowest minimum in the last five 
cycles.  
IV. RESULT AND DISCUSSION 
 Figure 2 shows the percentage of occurrence of phase 
scintillations index, σφ at Alert for every observed month. 
Phase scintillations were in the range of 0 to 0.1 rad for at least 
93% of the time and can reach up to ~100% in certain months. 
The remaining 7% varied from 0.1 to 0.7 rad, where it mostly 
never exceeded 0.2 rad. About up to 0.2% of the phase 
scintillations were between 0.15 and 0.2 rad. The maximum 
phase scintillation for most months was only up to 0.3 rad, 
except for April and May 2010. Phase scintillation in 
April 2010 reached up to 0.4 rad (but only for about 0.001% of 
the times) and up to 0.7 rad in May 2010 (for a maximum of 
0.002% only). Most of the σφ > 0.4 rad were observed on 
PRN 11 on 12 May 2010. 
 
 
 
(a) 
 
(b) 
Figure 2.  Percentage of occurrence of phase scintillations for every month (a) June 2008 – June 2009 and (b) July 2009 - July 2010 
 Figure 3 shows the mean σφ computed for every UT hour 
for each month. The mean values were particularly low since 
most of the σφ concentrated around 0 to 0.1 rad only. 
Comparatively high σφ can be observed in September and 
October 2009 for the whole day, and for various hours from 
November 2008 to January 2009, and from February to 
July 2010. February to August 2009 showed little variations 
of phase scintillations. Dependence on the increase of solar 
activity can be seen where mean of phase scintillations were 
all higher in 2010 compared to the both previous years. 
However, no dependence on UT hour can be registered.  
 
 
Figure 3.  Hourly mean σφ for every month from June 2008 to July 2010 
 
This is in contrast with the study conducted in [10] where 
enhancement of phase scintillations was observed at 
Resolute Bay and the values were distinctively low when the 
plasma density is expected to be low, particularly in winter 
before about 1200 UT. The mean was higher near magnetic 
noon, particularly from April to November. In other instance, 
our finding is consistent with [7] where scintillations are 
observed to occur at all time in the polar cap region. 
Further analysis is done by selecting relatively high σφ of 
greater than 0.15 rad and computing its percentage in each 
month. Phase scintillations were found to be high with the 
increasing of solar activity where most of the cases of 
σφ > 0.15 rad were detected in 2010 (see Figure 4). 
σφ > 0.15 rad was the highest in February 2010 and followed 
by in November 2009. As comparison, recent finding in [7] 
during 2007 and 2008 at Ny-Ålesund and Larsemann Hill 
revealed that phase scintillation mainly takes place in 
October, November and December at Ny-Ålesund, and in 
May and June at Larsemann Hill, which is around the local 
winter months.   
Figure 5 illustrates the total number of data (top panel) 
and the percentage of σφ > 0.15 rad (bottom panel) for every 
month in 1-degree step of geomagnetic latitudes. As 
mentioned earlier, the number of data in September 2008 and 
February 2010 is less than the rest of the months due to the 
lack of data in these months. σφ > 0.15 rad were very limited 
where the maximum occurrence was only ~0.3%. Most of 
the σφ > 0.15 rad occurred in November 2009, and from 
February to March 2010. It maximized at 86-87° 
geomagnetic latitude in November 2009 and at 84-85° in 
April 2010. Meanwhile, σφ > 0.15 rad was relatively high in 
February 2010 from 81° to 86°.    
 
 
Figure 4.  Percentage of σφ greater than 0.15 rad for every available month 
from June 2008 to July 2010 
 
 
 
Figure 5.  Number of all data (top) and percentage of σφ > 0.15 rad 
(bottom) as a function of geomagnetic latitude and observed months 
 
V. CONCLUSION 
In regards to the phase scintillations, at least 93% of the 
observed data were in the range of 0 to 0.1 rad. About up to 
0.2% of the phase scintillations were in 0.15 to 0.2 rad. 
σφ < 0.15 is considered as insignificant. Phase scintillations 
were found to be increased with the increasing of solar 
activity where most of the cases of σφ > 0.15 rad were 
detected in 2010. 
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